N
ative Americans experience higher overall mortality rates and decreased life expectancy compared to the general US population 1 . The epidemic of chronic disease and mental health disorders in Native communities plays a large role in the persistence of these disparities [2] [3] [4] [5] . This excess disease burden places increased importance on the delivery of high-quality care to prevent complications and improve the overall health of this population 6 .
Unfortunately, data are limited regarding the quality of health care for Native Americans 7 . The Indian Health Service (IHS) is a federal agency that provides health care services for a substantial proportion of the Native American population. Recent Congressional requirements for the IHS to measure and report clinical performance have prompted an increase in quality improvement efforts across the organization 8 , but data on the impact of these efforts are limited.
Quality improvement within the IHS may be hampered by a shortage of funding to provide needed health services and by limited availability of clinicians [9] [10] [11] . Little is known regarding the potential impact of limited resources on the quality of care for Native Americans.
We conducted this study to analyze recent trends in the quality of care within the IHS and to assess the perceptions of primary care physicians regarding barriers to the delivery of high-quality care within this system.
METHODS

Study Setting
The IHS is a federal agency that provides health care to 1.9 million Native Americans, representing approximately 50% of the Native population 10 . The overall budget ($4.05 billion) supports expenditures per person that are substantially less than all other federal health care programs 11 . The current Indian Health System consists of three branches: 1) the federally operated direct care system (the "IHS"), 2) independent tribally operated health care facilities, and 3) a small urban health care program. Tribally operated sites function through Public Law 93-638 as financially independent entities supported by funds allocated from the federal government, and represent 55% of the overall budget. Federally operated sites receive 45% of the overall budget and function as part of an integrated health system with funds pooled at the national level 12, 13 . The health care services provided by the federally operated IHS sites include comprehensive primary care, some specialty services, and prescription drug coverage. Contract health service funds are used to provide services not routinely available within IHS facilities, including subspecialty care. These funds are limited, with medical prioritization occurring based on clinical urgency 14 . We focused our analysis on the federally operated IHS sites as they constitute one of the largest integrated health care delivery systems in the country, focused on care for Native Americans. We did not include any tribally operated clinics participating in the Public Law 93-638 program.
Clinical Performance Measures
We assessed clinical performance for the years 2002 through 2006 using data obtained from the IHS national clinical reporting system, which captures data on all patients receiving care in federally operated IHS sites 12 . Clinical data were abstracted electronically from datasets that include all laboratory and radiology results, and diagnosis and procedure codes. We used these data to assess clinical performance in the areas of preventive services, diabetes care, and cardiovascular disease care (Table 1) . Identification of diagnoses, laboratory results, and procedures were based on Current Procedure Terminology (CPT) and International Classification of Disease (ICD)-9 codes consistent with Health Plan Employer Data and Information Set (HEDIS) standards 15 . We used county of residence to categorize patients as residing in rural or urban settings according to metropolitan statistical areas 16 . We used data on quality of ambulatory care among health plans participating in the National Committee for Quality Assurance (NCQA) HEDIS reporting program for Medicaid and Medicare as benchmarks for trends in care 17 . These data differ from the IHS data in two important ways. First, NCQA-reported data rely primarily on patient surveys (adult flu shots) or claims data rather than the electronic medical record data used by the IHS. Second, the eligible denominator for the breast cancer screening measure in the IHS included women ages 52 to 65 years for all study years; however for the NCQA data it changed from 52 to 69 years in 2002-2006 to 40 to 69 years in 2007.
Physician Survey
We surveyed all 740 federally employed physicians who were clinically active at federally operated IHS sites during October 2007. The survey instrument was delivered using an initial paper mailing and an electronic mail invitation to complete the survey online; followed by a repeat paper mailing and electronic mailing to non-responders 3 weeks later, thereby achieving a 70% response rate. The survey instrument focused on ability to access needed • 18-75 years old • LDL<100 mg/dL (missing values for current reporting year considered >100 mg/dL) • ≥2 outpatient visits within the past 3 years • Diagnosis of acute myocardial infarction, coronary angioplasty, coronary artery bypass graft, coronary artery disease, stable angina, peripheral arterial disease, stroke, abdominal aortic aneurysm at least 12 months prior health services and use of quality improvement strategies, and was closely modeled on the Community Tracking Study [18] [19] [20] [21] . We focused on survey items that analyze access to care, as prior analyses have indicated that access to resources is a significant barrier to health care delivery in the IHS 22, 23 . The supply of essential services was assessed by six questions regarding availability of "subspecialists of high quality", "nonemergency hospital admissions", "high quality diagnostic imaging services", "high quality outpatient mental health services", "screening mammography", and "screening diabetic eye examinations". All responses were collected on a 5-point Likert scale from "almost always" to "never" available; and we defined adequate access to all services as a response of "almost always". Physicians also reported what types of quality improvement activities were occurring within their clinic for diabetes management.
Physicians responded to the statement "In general, would you say that the complexity or severity of patients' conditions for which you are currently expected to provide care without specialty referral is" on a 5-point scale ranging from "much greater than it should be" to "much less than it should be". Barriers to the receipt of specialty care were assessed through two questions of the form "Thinking of access to subspecialists, how important are the following barriers to care?", with the barriers including "lack of qualified service providers within geographic proximity" and "lack of Indian Health Service funding to support provision of recommended specialty care". These responses were collected using a 4-point Likert scale ranging from "very important" to "not at all important". Finally, physicians responded to the statement "It is possible to provide high quality care to all of my patients" using a 5-point Likert scale ranging from "strongly agree" to "strongly disagree".
Data Analysis
We analyzed trends in clinical performance measures within the IHS by fitting logistic regression models with performance of the target measure as the dependent variable and year as the primary independent variable, after adjusting the standard errors for clustering of patients by health center using generalized estimating equations. We fit multivariable logistic regression models to analyze rural residence as a predictor of clinical performance in 2006 for each of the 12 measures. We focused on rural residence as the IHS has historically focused on delivering care in remote rural areas. The primary independent variable was rural residence, with additional covariates including geographic residence according to US Census divisions (Pacific, Mountain, West North Central, and South), and patient age and sex.
We calculated the Spearman correlation coefficient between the proportion of eligible patients receiving screening mammography or diabetic eye exams within an individual health center in 2006 and the proportion of primary care physicians reporting that each service was "almost always" available at that health center. For illustrative purposes, we defined three sets of clinics based on the proportion of physicians at each clinic reporting that either mammography or dilated eye exams were "almost always" available. This proportion was divided into three groups: <25 th percentile (low access clinics), 25 th to 75 th percentile (moderate access clinics), and >75 th percentile (high access clinics); and we calculated the breast cancer or diabetic retinopathy screening rates within each set of clinics. All analyses were performed using SAS version 9.1. The study protocol was approved by the human studies committees of Brigham and Women's Hospital and the Indian Health Service.
RESULTS
Clinical Performance
Clinical performance improved significantly from 2002 to 2006 for 10 of the 12 performance measures, including preventive services and chronic disease management (Table 2) . These significant gains in chronic disease care were achieved despite the substantial relative increase in prevalence of both diabetes (23%) and cardiovascular disease (46%) over the 5-year study period. Notable exceptions to this trend of improvement included breast cancer screening rates, which decreased significantly from 44% to 40%; and rates of diabetic retinopathy screening, which remained unchanged at 51%. Five-year trends in breast cancer and diabetic retinopathy screening rates remained relatively flat within Medicare, Medicaid, and the IHS; though rates within the IHS were consistently lower than those reported by health plans participating in Medicaid, and were nearly half the rates reported by health plans participating in Medicare (Fig. 1) . In contrast, rates of flu shots for elderly adults and HbA1c testing for adults with diabetes were more similar between Medicare and the IHS.
Rural residence was not a significant predictor of clinical performance for 10 of the 12 measures in 2006, with breast cancer screening rates slightly higher (odds ratio (OR) 1.07, 95% confidence interval (CI) 1.00 -1.14) and annual hemoglobin A1c testing rates slightly lower (OR 0.96, 95% CI 0.94 -0.99) in rural areas compared to urban areas.
Access to Essential Health Services
In our physician survey we received responses from 517 physicians in 18 states. We limited our analyses to 366 primary care physicians as we were focused on understanding the barriers perceived by generalist physicians within the IHS (Table 3 ). The median number of respondents across 60 clinical sites was 3.0 (interquartile range 2 -8). Most of these primary care physicians were white, and 14% were American Indian/Alaska Native.
Physicians reported relatively low rates of adequate access to high-quality specialists (29%), non-emergent hospital admission (37%), high-quality diagnostic imaging (32%), and high-quality outpatient mental health services (16%). The majority (59%) of primary care physicians felt that the complexity of conditions managed without specialty referral was either much greater (16%) or somewhat greater (43%) than it should be. While a lack of specialty providers within geographic proximity was cited by 32% of physicians as a "very important" barrier, a much larger majority (63%) felt that a lack of IHS funding to support provision of care through subspecialists was a "very important" barrier.
Correlation Between Physician Reports of Access and Quality
The proportion of primary care physicians reporting that preventive services were "almost always" available was relatively low for screening mammography (54%) and diabetic eye exams (60%). Clinical performance varied substantially across the sites for breast cancer screening (interquartile range 31% to 55%) and diabetic retinopathy screening (interquartile range 44% to 58%). Clinics with a higher proportion of physicians reporting that screening mammography was "almost always" available had a higher breast cancer screening rate (46%) than those clinics with the lowest proportion of physicians reporting such access (35%), with a significant correlation at the health center level (ρ=0.27, p=0.04). The magnitude of this effect was less pronounced for performance of diabetic eye exams (Table 4) .
Quality Improvement Strategies
Approximately three-quarters (72%) of primary care physicians agreed strongly or somewhat that they were able to provide high-quality care to their patients. Most physicians reported using patient registries (73%), decision support tools (61%), patient outreach (56%), and physician feedback (53%) for diabetes management. Nearly one-third of physicians reported the use of group visits (28%), and a majority (59%) enlisted the services of community health workers for diabetes care. Many primary care physicians agreed strongly or somewhat that health information technology (87%) can improve the quality of care in the IHS.
DISCUSSION
We found that clinical performance for preventive services and chronic disease management improved within the IHS for most performance measures. Primary care physicians reported substantial barriers in access to essential health services, and these reports were modestly correlated with lower performance on some measures of clinical quality. We did not find substantial differences in quality between rural and urban settings, confirming prior analyses within the IHS 24 , and suggesting that an integrated delivery system can ensure equivalent care across varied health care settings. Substantial disparities in clinical performance persisted between the IHS and health plans participating in Medicare and Medicaid, particularly for screening mammography and diabetic retinopathy screening, two measures for which the IHS ranks below the 25 th percentile of these health plans nationally. However, the IHS performed better than many health plans for other measures of diabetes care including annual HbA1c and LDL cholesterol testing, and the IHS performance exceeded the 90 th percentile for adult pneumococcal vaccination 25 .
The Medicare program represents a national benchmark for quality of care across a variety of delivery systems 26 , and ultimately should represent a minimum achievement target for the IHS. Comparisons to the Medicaid program provide additional insight as Medicaid is focused on ensuring care for underserved low-income populations, and its funding levels more closely reflect those of the IHS. Our data suggest that quality of care within the IHS parallels that within the Medicaid program more closely. This observation may reflect similarity in patient characteristics or funding levels, though it is important to note that Medicaid expenditures per person are higher than those within the IHS 11 . We found that primary care physicians caring for Native American patients reported suboptimal access to essential health services to a much greater extent than physicians *Clinics separated into three groups based on the proportion of physicians at each clinic reporting the targeted health service is "almost always" available. This proportion was divided into 3 groups: <25th percentile (low access clinics), 25th to 75th percentile (moderate access clinics), and >75th percentile (high access clinics) †Spearman correlation coefficient between proportion of physicians reporting service "almost always" available and performance rate for each clinic caring for either white or black patients 19, 20 . The IHS remains significantly underfunded, receiving only about half of the funding needed to adequately care for the patients it serves 11, 27 . This budget shortfall could lead directly to the type of stark resource limitations reported by the physicians in this study. For example, 76% of primary care physicians caring for black patients report adequate access to subspecialists 19 , compared to 29% of physicians in the IHS. As a result, a majority (58%) of primary care physicians within the IHS report that complexity of clinical conditions managed without specialty input was greater than it should be, compared to only 26% of physicians caring for black and Hispanic patients 20 .
These physician reports are further substantiated by the increasing number of out-of-network patient services denied due to lack of funding within the IHS, which rose by 68% from 2003 to 2006 (T. Cullen, written communication, August 6, 2009 ). Despite reporting substantial challenges to delivering care, a majority of physicians felt they were able to deliver high quality care. This divergence is likely related to physicians defining high quality care outside of the domains of care assessed in our study 28, 29 .
As the IHS received a 13% increase in funding in FY2010 30 ,
it is important to understand how such a substantial increase in funding might be best utilized. Our findings indicate several areas on which to focus, including increasing access to subspecialty and imaging services, physician recruitment, expanded use of health information technology, and improved chronic disease management strategies. The importance of the first two areas is highlighted by our survey findings and clinical performance data. Physicians' reports of inadequate access were significantly correlated with low clinical performance for mammography and a similar trend for diabetic eye exams. These findings likely reflect a scarcity of equipment or trained personnel to perform screening mammography and dilated eye exams. Access to these and other types of specialty services 23 could most directly be addressed through contract health services, which received an 18% increase in the IHS FY2010 budget, but will likely require additional increases to meet the substantial need. Additional work is also needed to understand how to improve screening rates among clinics already reporting good access to essential services, highlighted by the suboptimal rates of mammography and diabetic eye exams among clinics with physicians reporting good access to these services. This effort will likely involve an examination of the role of social, community, and other patient factors that relate to delivering high quality care.
Recruiting qualified personnel to work in the IHS is also important, and the IHS currently has vacancy rates of 21% for physicians 10 . Promoting the training of Native American health professionals who may be more inclined to work in these settings is one strategy to address this unmet need 31 . Our survey identified that 14% of physicians working within the IHS were Native American, compared with less than 1% of medical students who are Native American 32 .
Our data also suggest that expanding the use of health information technology represents a promising strategy. The low rates of screening diabetic eye exams are particularly troubling given the burden of disease among this population. The use of a tele-ophthalmology program has increased performance of screening diabetic eye exams within the IHS, ultimately resulting in increased rates of laser therapy to prevent blindness without the need to recruit additional ophthalmologists 33 . This and other health information technology-based strategies such as dissemination of an advanced electronic health record 13 represent attractive solutions to overcome both the financial and geographic barriers faced by the IHS. Our study has some limitations. We presented national comparison data for the IHS, but were not able to adjust clinical performance rates for differences in age distributions between the IHS patient population and the Medicare and Medicaid populations. We also did not analyze care among tribally operated facilities. While the option to convert to tribally operated management has existed since 1975, many clinics have transitioned only in recent years 9 , and many of the issues identified by physicians in our survey are likely independent of this administrative change. In addition, while the IHS provides health care for a substantial proportion of Native Americans in the United States, many Native Americans receive care outside of this system, particularly in urban areas. Future work is needed to better understand the state of health care delivery for these other segments of the Native American population. Finally, while we analyzed care according to rural residence, we were not able to identify whether patients resided on tribal reservations, which may present unique challenges to health care delivery such as limited access to electricity, indoor plumbing or telephone services.
In this large-scale assessment of care delivered within the Indian Health Service, we identified both significant quality improvement along with persistent barriers to delivering highquality care to Native American patients. While the Indian Health Service is actively engaged in a variety of quality improvement programs, true advances in health care delivery and health outcomes may ultimately be limited by resource constraints. Further research is needed to understand and address the long-term impact of these constraints on the health of Native Americans.
